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(54) SEMICONDUCTOR SUBSTRATE AND ITS PRODUCTION METHOD, SEMICONDUCTOR 
DEVICE COMPRISING THE SAME AND ITS PRODUCTION METHOD 



(57) When a SOI substrate is produced in which a 
silicon layer is epitaxially grown on an insulating under- 
lay such as a single crystal oxide substrate or an oxide 
layer stacked on a silicon substrate, a first silicon layer 
epitaxially grown on the insulating underlay is ion im- 
planted to make a deep part of an interface of the silicon 
layer amorphous, and then annealed to recrystallize. 
Next, the silicon layer Is heat treated to oxidize part of 
the surface side, and after the silicon oxide is removed 
by etching, a silicon layer is epitaxially grown on the re- 
maining first silicon layer to form a second silicon layer. 
Subsequently, the second silicon layer is again ion im- 
planted to make a deep part of an interface amorphous, 
then annealing is performed to recrystallize. With this 
method, a SOI substrate, which is very small in crystal 
defect density of the silicon layer and good in surface 
flatness, can be produced. Therefore, on the semicon- 
ductor substrate according to the present invention, an 
electronic device or optical device having high device 
performance and reliability that cannot be obtained with 
prior art device can be realized. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method for 
producing a semiconductor substrate such as a stltcon- 
on-insutator (SOI) or a silicon-on-sapphire (SOS), to a 
semiconductor substrate which is small in dislocation or 
defect and has a silicon layer having a good surface flat- 
ness and a production method thereof. Further, the 
present invention relates to a semiconductor device 
formed on the above semiconductor substrate and a 
production method thereof. 

DESCRIPTION OF BACKGROUND ART 

[0002] Heretofore, as a substrate material having a 
structure where a single crystal silicon semiconductor 
layer is formed on an insulator. SOI, SOS or the like is 
known. In the present specification, including the SOI 
substrate and SOS substrate, those generically named 
semiconductor substrates in which a single crystal sili- 
con semiconductor is formed on an insulator layer are 
referred to as SOI substrates. These substrate materials 
are widely used in devk;e production, and are superior 
to ordinary silicon substrate in terms of the following 
points. 

(1 ) High speed through the reduction of parasitic ca- 
pacity, 

(2) strong to software error, 

(3) no latch-up, and 

(4) a well process can be omitted. 

[0003] To realize these advantageous device charac- 
teristics, the following prior art SOI substrate production 
methods are known. 

(1) Bonding method: after a silicon single crystal 
substrate is laminated to another silicon single crys- 
tal substrate having a thermally oxidized surface us- 
ing heat treatment or an adhesive, one-side silicon 
layer is formed into a thin film using mechanical pol- 
ishing or chemical etching. 

(2) SIMOX (Separation by Ion-implanted Oxide) 
method: After oxygen tons are implanted on to a sil- 
icon substrate, heat treatment is performed to form 
an embedded Si02 (silicon oxide) layer in the silicon 
substrate. 

(3) Solid phase epitaxial growth method: After the 
surface of a silicon substrate is oxidized, a window 
is opened in part of the oxide film to expose the sil- 
icon substrate, and an amorphous silicon is grown 
thereon. Next, heat treatment is perfonmed, starting 
from the part contacting the exposed silicon, and 
the amorphous silicon layer is crystallized by lateral 
direction epitaxial growth. 

(4) Hetero-epilaxial growth method: On a crystalline 



oxide or fluoride layer stacked on a silicon substrate 
or an insulating oxide substrate, a single crystal sil- 
k:on layer is grown by a CVO method. 

5 [0004] However, these methods have both advantag- 
es and disadvanteages, and still have problems in pro- 
ductivity and quality. For example, in the boding method, 
it is necessary to form the silicon substrate itself into a 
thin film, and it is extremely difficult to etch or polish the 

10 silicon substrate to 1 |im or less with good accuracy and 
uniformity. 

[0005] Even though, the SIMOX method has been 
studied for long time, there is a problem when forming 
the Si02 buried oxide film in the silicon substrate, that 
'5 is a large amount of oxygen ion must be implanted, 
which reduces the productivity and increases cost. In 
addition, there are a lot of crystal defects in the silicon 
layer and the presence of a defect called a pipe in the 
embedded oxide film. 
20 [0006] In addition, the bonded SOI substrate and the 
SIMOX substrate have the disadvantages that a device 
formed thereon (for example a field effect transistor) is 
low in snap back breakdown voltage, tends to generate 
a kink in current voltage characteristic, and further, neg- 
25 ative conduction due to self heating tends to generate, 
which are problems in quality. The snap back break- 
down voltage means that when the device is an FET 
(field effect transistor), hot carrier generated at the junc- 
tion of the body and the drain accumulates in the body, 
30 and a drain current flows between the drain and body 
and the source, resulting in a reduced breakdown volt- 
age. The kink is also caused by an accumulation of hot 
carrier in the body. The negative conduction is a phe- 
nomenon that current decreases with increasing vo\i- 
35 age. This is generated due to the fact that silicon oxide, 
which is used as an insulating underlay is low in thermal 
conductivity. As the gate voltage and the drain voltage 
increase, heat due to self-heat evolution of FET accu- 
mulates, resulting in reduced mobility of the silicon layer. 
40 [0007] On the other hand, SOS technology is known 
as the predecessor of the SOI technology. In the past. 
SOS substrate has been used mainly in a device requir- 
ing radiation tolerance. The SOS substrate, in addition 
to the advantage of having small parasitic capacity of 
45 the SOI substrate, also has a thick insulation layer, so 
there is the added advantage of having small noise 
through the substrate. Further, when the FET operates, 
hot carrier generating at the junction of the body and 
drain, i.e., at the interface between the silicon layer and 
50 the sapphire layer, immediately recombines, and is thus 
difficult to accumulate in the body. Therefore, current 
flowing between the drain and body docs not rapidly in- 
crease, and the breakdown voltage is not decreased. 
Thai is. high snap back breakdown voltage and difficulty 
55 of kink generation are important advantages of the SOS 
substrate. Further, since sapphire is high in thermal con- 
ductivity, negative conduction is difficult lo generate in 
the SOS substrate. However, the SOS substrate is pro- 
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duced by heteroepitaxial growth of silicon on the sap- 
phire substrate. Due to the difference in lattice constant 
or thermal expansion coeffictent between the silicon lay- 
er and the sapphire substrate (a-Al203). there is the 
generation of large 

number of defects and large surface roughness which 
has been a problem. 

[0008] As means for solving it, it is known that after 
the silicon layer is further implanted with silicon ions to 
make a deep part of the silicon layer amorphous, recrys- 
tallization is performed by annealing (USP 5416043). 
However, even though using this method, the crystalline 
defect density is still high as compared with bulk silicon. 
[0009] Further, it is known to prepare an SOI substrate 
having a silicon substrate with an intermediate layer 
such as an oxide layer or a fluoride layer thereon, and 
a single crystal silicon layer is epitaxially grown on the 
intermediate layer For example, the use of y-Al203 in 
the inlermediaie layer is disclosed in Japanese Patent 
Application Laid-open No. 1 -261 300. It is expected that 
in these SOI substrates, the cam'er lifetime is short at 
the interface of the silicon layer and the intermediate lay- 
er, a high snap back breakdown voltage same as SOS 
is obtained, and kink is difficult to generate. However, a 
reduction in the crysiallinity of the silicon layer or an in- 
crease of surface roughness caused by the difference 
in the lattice constant or thermal expansion coefficient 
is still a problem. 

[0010] still further, there is a problem in that in the sil- 
icon layer of these SOS substrate and SOI substrate, 
crystal defect density becomes higher towards the in- 
terface with the insulating underlay, and crystalh'nity is 
reduced. Therefore, as in the case, for example, when 
a high-speed, low power-consumption device is formed 
on these substrates, in a thin silicon layer with a thick- 
ness of 0.05 to 0.3 Jim, a very large number of crystalline 
defects are included, and crystallinity is also degraded. 
[001 1 ] Therefore, the SOS substrate using a sapphire 
substrate, or the SOI substrate utilizing an intermediate 
layer such as an oxide layer or fluoride layer stacked on 
the silkron substrate, has inferior crystallinity of the sili- 
con layer or surface flatness when compared with the 
bonded SOI substrate or SIMOX substrate. For exam- 
ple, when a semiconductor device, such as a MOSFET 
(metal-oxide-semiconductor field effect transistor) is 
formed on these substrates, there is flicker noise, and 
a degradation in the FET operation characteristics or re- 
liability such as a decrease of breakdown voltage of the 
gate oxide film, a reduction in effective mobility or trans- 
conductance, an increase of leakage current and the 
like. 

[0012] As a technique for improving the suriace flat- 
ness of the silicon layer, a method is known in which a 
bonded SOI substrate of which the insulator layer is 
Si02 is heat treated in reducing atmosphere (Japanese 
Patent Application Laid-open No. 5-217821). With this 
method, flatness is improved, however, since the under- 
lay of the silicon layer is Si02. improvement of snap back 



breakdown voltage is not noted. With regard to device 
reliability, a higher snap back breakdown voltage is pref- 
erable. When crystallinity of the silicon layer or surface 
flatness is improved, the devkre performance or reliabil- 

5 iiy ca n be improved in SOS substrates or SOI substrates 
in which a silicon substrate is prepared with an interme- 
diate layer such as an oxide layer or a fluoride layer ther- 
eon, and a single crystal sitk:on layer is epitaxially grown 
on the intermediate layer. Device performance or refia- 

10 bility that were not obtained with the prior art SOI sub- 
strate can be achieved when the crystallinity of the sili- 
con layer or surface flatness is improved such that in 
addition to characteristics such as low flicker noise, high 
effective mobility or trans-conductance, high gate oxide 

15 film breakdown voltage, low leakage current and the 
like, there is also a high snap back breakdown voltage, 
and kink or negative conduction does not generate in 
current-voltage characteristics. 

[001 3] Further, not only in electronic devices, but also 
20 in SOS substrate or in SOI substrates in which on a sil* 
icon substrate; an intermediate layer such as an oxide 
layer or a fluoride layer, and furthei' thereon, a single 
crystal silicon layer is epitaxially grown, by improving 
crystallinity of the silicon layer or surface flatness, pro- 
25 duction of an optical device becomes possible which 
has heretofore been difficult to be realized on these 
semiconductor substrates due to high leakage currents, 
high carrier recombination speeds, or considerable light 
scattering. 

30 [0014] An object of the present invention is to provide 
a semiconductor substrate such as a SOI substrate or 
the like of good crystallinity and surface flatness and uni- 
formly low crystal defect density in depth direction, 
which solves problems of the prior art SOS substrates 

35 or SOI substrates in which on a silicon substrate, an in- 
termediate layer such as an oxide layer or a fluoride lay- 
er, and further thereon, a single crystal silicon layer is 
epitaxially grown, and by forming thereon a semicon- 
ductor device such as an electronic device or optical de- 

"^o vice having superior performance and reliability that 
could not be obtained with the prk>r art such as high 
speed, low flicker noise, low leakage current, high snap 
back breakdown voltage and the like. 

^5 DISCLOSURE OF THE INVENTION 

[001 5] Under such circumstances , the inventors have 
found that, in a production method of semiconductor 
substrate such that when a silicon layer is grown on a 

50 sapphire substrate to produce a SOS substrate, or when 
an oxide layer or a fluoride layer is stacked as an inter- 
mediate layer on a silicon substrate and a silicon layer 
is grown thereon to produce a SOI substrate, after the 
silicon layer is grown, the silicon layer is implanted with 

55 silicon ions to make a deep part of the silicon layer amor- 
phous, crystallinity is improved by performing recrystal- 
lization by annealing, and further thereon, a silicon layer 
is again homoepitaxially grown to form a silicon layer 
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having less defects and high crytatlinity. and further, the 
silicon layer is implanted with silicon ion to make a deep 
part of the silicon layer amorphous, and then, recrytalli- 
zation is performed, thereby forming a highly crystalline 
silicon layer having very small defects, thus accomplish- 
ing the present invention. Further, it has been found that 
after performing the first recrystallization, heat treatment 
is perfomied in an oxidizing atmosphere to oxidize part 
of the surface side of the silicon layer, and silicon oxide 
is etched with hydrofluoric acid or the like to leave a 
small-defect, high-orientation silicon layer, and it has 
been found that using the silicon layer as a seed layer, 
by homoepitaxially growing silicon layer again thereon, 
a small-defect, high-crystallinity silicon layer can be 
formed. 

[0016] Further, the inventors have found that, for ex- 
ample, a MOSFET is formed on the semiconductor sub- 
strate having a fewer defects and good crystallinity or 
surface flatness produced by the above production 
method, as compared with the prior art. There is a con- 
spicuous improvement in the device performances, 
such as in the operation speed, reduction of flicker 
noise, reduction of leakage current and the like. 
[0017] Specif kjally, a semiconductor substrate ac- 
cording to item 1 of the present invention comprises an 
insulating underlay and a crystalline silicon layer epitax- 
ially grown thereon, the insulating underlay is a semi- 
conductor substrate comprising a single crystal oxide 
substrate or a laminated substrate comprising a silicon 
substrate and a crystalline oxide layer or fluoride layer 
stacked thereon, wherein a defect density evaluated by 
a defect density measuring method of measuring the 
number of pits per unit area formed by immersing in an 
iodine type etching solution is 7 X tO^/cm^ or less over 
the entire depth direction, and the surface roughness of 
the crystalline silicon layer is 0.2 nm or less and 0.05 
nm or more, 

[0018] The semiconductor substrate according to 
item 2 of the present invention is characterized in that 
in the semiconductor substrate as described in above 
item 1 , of the crystalline silicon layer. X-ray diffraction 
rocking curve full width at half maximum of a silicon 
(004) peak parallel to the substrate surface is 0 24 de- 
gree or less and 0.03 degree or more, and X-ray diffrac- 
tion rocking curve full width at half maximum of a silicon 
(040) peak perpendicular to the substrate surface is 
0.18 degree or less and 0.03 degree or more. 
[0019] The semiconductor substrate according to 
item 3 of the present invention is characterized in that 
in the semiconductor substrate as described in above 
item 1 , of the crystalline silicon layer, X-ray diffraction 
rocking curve full width at half maximum of a silicon 
(040) peak perpendicular to the substrate surface is 
smaller than X-ray diffraction rocking curve full width at 
half maximum of a silicon (004) peak parallel to the sub- 
strate surface. 

[0020] The semiconductor substrate according to 
item 4 of the present invention is characterized in that 



in the semiconductor substrate as described in above 
item 1 . of the crystalline silicon layer. X-ray diffraction 
rocking curve full width at half maximum of a sitk:on 
(040) peak perpendicular to the substrate surface is al- 
5 most constant over the entire depth direction and 0.18 
degree or less and 0 03 degree or more. 
[0021] The semiconductor substrate according to 
item 5 of the present invention is characterized in that 
in the semiconductor substrate as described in above 
10 item 1 . after part of the crystalline silicon layer is ther- 
mally oxidized to form a silicon oxide layer on the crys- 
talline silicon layer, interface level density measured by 
a charge pumping method is 3 x 10"/cm2 or less and 
1x1 oVan^ or more. 
15 [0022] The semiconductor substrate according to 
item 6 of the present invention is characterized in that 
in the semiconductor substrate as described in above 
item 1 , thrckness of the crystalline silicon layer Is 0.03 [l 
m or more and 0.7 ji m or less. 
20 [0023] The semiconductor substrate according to 
item 7 of the present invention is characterized in that 
in the semiconductor substrate as described in above 
item 1 , the insulating underlay is the single crystal oxide 
substrate, and the single crystal oxide substrate is a 
25 sapphire substrate. 

[0024] The semiconductor substrate according to 
item 8 of the present invention is characterized in that 
in the semiconductor substrate as described in above 
item 1, the insulating underiay is the laminated sub- 
30 strate, the crystalline oxide layer stacked on the silicon 
substrate as the substrate comprises one of a-AlgOg, y- 
AI2O3. e-AlgOa, MgO AIsOa. Ce02. SrTiOa. (Zri.^.Y^)Oy, 
Pb(2r, Tl)03, LiTaOj, and LiNbOa, anci the fluoride layer 
comprises CaF2. 
35 [0025] Further item 9 of the present invention Is a 
method of producing the semiconductor substrate with 
a low defect density silicon layer formed on an insulating 
underlay, the method comprising: 

"fo (a) a step of fonning a first silbon layer on the insu- 
lating underlay; 

(b) a step of perfomriing a first ion implantation to 
the first silicon layer to make a deep part of the in- 
terface amorphous, and recrystallizing the amor- 

^5 phous layer by a first heat treatment; 

(c) a step of epilaxially growing a silicon layer on 
the first silrcon layer to form a second silicon layer; 
and 

(d) a step of performing a second ion implantation 
to the second silicon layer to make a deep part of 
the interiace amorphous, and recrystallizing the 
amorphous layer by a second heat treatment. 

[0026] Still further, item 1 0 of the present invention is 
'*5 a method of producing a semiconductor substrate with 
a low defect density silicon layer formed on an insulating 
underlay, the method comprising: 
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fi step of forming f\ first silicon \s\yer on the insu- 
lating underlay; 

(b) a step of performing a first ion implantation to 
the first silicon tayer to make a deep part of the in- 
terface amorphous, and recrystallizing the amor- 
phous layer by a first heat treatment; 

(c) a step of heat treating the recrystallized first sil- 
icon layer in an oxidizing atmosphere to oxidize part 
of surface side; 

(d) a step of removing silicon oxide film formed in 
the step (c) by etching; 

(c) a step of epitaxially growing a silicon layer on 
remaining first silicon layer to fomn a second silicon 
layer: and 

(t) a step of performing a second ion implantation 
to the second silicon layer to make a deep part of 
the interface amorphous, and recrystallizing the 
amorphous layer by a second heat treatment. 

[0027] Yet further, the production method of semicon- 
ductor substrate according to item 11 of the present in- 
vention is characterized in that in the production method 
as described in item 1 0, when the remaining first silicon 
layer is formed to a prodGtermined thickness, the steps 
(c> to (d) are repeated two times or more. 
[0028] The production method of semiconductor sub- 
strate according to item 12 of the present invention is 
characterized in that in the production method as de- 
scribed in item 10 or 11, the silicon layer formed in the 
step (f) is regarded as the recrystallized first silicon layer 
formed in the step (b), and the steps (c) to (f) are repeat- 
ed two limes or more. 

[0029] Further the method of semiconductor sub- 
strate according to item 13 of the present Invention is a 
method of producing a semiconductor substrate with a 
low defect density silicon layer fonmed on an insulating 
underlay, the method comprising: 

(a) a step of forming a first silicon layer on the insu- 
lating underlay; 

(b) a step of heat treating the first silicon layer in an 

oxidizing atmosphere to oxidize part of surface side; 

(c) a step of removing silicon oxide film formed in 
the step (b) by etching; 

(d) a step of epitaxially growing a silicon layer on 
remaining first silicon layer to town a second silicon 

layer; and 

(e) a step of ion implanting to the second silicon lay- 
er to make a deep part of the interface amorphous, 
and recrystallizing the amorphous tayer by heat 
treatment. 

[0030] The production method of semiconductor sub- 
strate according to item 14 of the present invention is 
characterized in that in the production method as de- 
scribed in item 13. when the remaining first silicon layer 
is formed to a predetermined thickness, the steps (b) to 
(c) are repeated two times or more. 
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[0031 ] The production method of semiconductor sub- 
strate according to item 15 of the present invention is 
characterized in that in the production method as de- 
scribed in item 13. the silicon layer formed in the step 
5 (e) is regarded as the first silicon tayer formed in the step 
(a), and the steps (b) to (e) are repeated two times or 
more. 

[0032] The production method of semiconductor sub- 
strate according to item 16 of the present invention is 
10 characterized in that in the production method as de- 
scribed in any one of items 10 to 15, the oxidizing at- 
mosphere contains a mixed gas of oxygen and hydro- 
gen or water vapor. 

[0033] The production method of semiconductor sub- 
15 strate according to item 17 of the present invention is 
characterized in that in the production method as de- 
scribed in any one of items 1 0 to 1 6, the temperature of 
heal treatment in the oxidizing atmosphere is 600"C or 
more and 1300**C or less. 
20 [0034] The production method of semiconductor sub- 
strate according to item 18 of the present invention is 
characterized in that in the production method as de- 
scribed in any one of items 10 to 16, the heat treatment 
in the oxidizing atmosphere comprises two-stage heat 
25 treatment of different temperatures of a high tempera- 
ture heat treatment performed at a high temperature and 
a low temperature heat treatment performed at a lower 
temperature subsequent to the high temperature heat 
treatment. 

30 [0035] The production method of semiconductor sub- 
strate according to item 19 of the present invention is 
characterized in that in the production method as de- 
scribed in item 18, the temperature of high temperature 
heal treatment in the oxidizing atmosphere is 800*'C or 

35 more and 1200**C or less, and temperature of low tem- 
perature heat treatment in the oxidizing atmosphere is 
700*C or more and 11 00^*0 or less. 
[0036] The production method of semiconductor sub- 
strate according to item 20 of the present invention is 

40 characterized in that in the production method as de- 
scribed in any one of items 9 to 1 5, the temperature at 
which a silicon layer is epitaxially grown on the first sil- 
icon layer to form a second silicon layer is 550**C or more 
and 1050*^0 or less. 

45 [0037] The production method of semiconductor sub- 
strate according to item 21 of the present invention is 
characterized in that in the production method as de- 
scribed in any one of items 9 to 15, before the step of 
epitaxially growing a silicon tayer on the first silicon layer 

50 lo form a second silicon tayer, the first silicon layer is 
heal treated in a hydrogen atmosphere or in a vacuum. 
[0038] The production method of semiconductor sub- 
strate according to item 22 of the present invention is 
characterized in that in the production method as de- 

55 scribed in any one of items 9 to 1 5. a base pressure of 
growing chamber of apparatus used when a silicon layer 
is epitaxially grown on the first silicon layer to form a 
second silicon layer is 10'^ Torr or less. 
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[0039] The production method of semiconductor sub- 
strate according to Item 23 of the present invention is 
characterized in that in the production method as de- 
. scribed in any one of items 9 to 15. the method of epi- 
taxiafly growing a silicon layer on the first silicon layer 
to fomi a second silicon layer is a UHV-CVD method or 
a MBE method. 

[0040] The production method of semiconductor sub- 
strate according to item 24 of the present invention is 
characterized in that in the production method as de- 
scribed in any one of items 9 to 15, when epitaxiafly 
growing a silicon layer on the first silicon layer to form a 
second silicon layer, the growing temperature is set high 
only in an initial stage of growth. 

[0041 ] The production method of semiconductor sub- 
strate according to item 25 of the present invention is 
characterized in that in the production method as de- 
scribed in item 24, a method of epitaxially growing a sil- 
icon layer on the first silicon layer to form a second sil- 
icon layer is an APCVD method or a LPCVD method. 
[0042] The production method of semiconductor sub- 
strate according to item 26 of the present invention is 
characterized in that in the production method as de- 
scribed in any one of items 9 to 15, after the step of ion 
implanting to the second silicon layer to make a deep 
part of the interface amorphous, and recrystallizing the 
amorphous layer by heat treatment, or after the step of 
epitaxially growing a silicon layer to form a second sili- 
con layer, further comprising a step of heat treatment in 
hydrogen. 

[0043] The production method of semiconductor sub- 
strate according to item 27 of the present Invention is 
characterized in that in the production method as de- 
scribed in item 26, the temperature of the heat treatment 
in hydrogen is 800**C or more and 1200**C or less. 
[0044] The production method of semiconductor sub- 
strate according to item 28 of the present invention Is 
characterized in that in the production method as de- 
scribed in any one of items 9 to 15, after the step of ion 
implanting to the second silicon layer to make a deep 
part of interface amorphous, and recrystallizing the 
amorphous layer by heat treatment, the surface of sili- 
con layer is flattened. 

[0045] The production method of semiconductor sub- 
strate according to item 29 of the present Invention is 
characterized In that in the production method as de- 
scribed in Item 28. the method of flattening surface of 
the silicon layer is a chemical and/or mechanical polish- 
ing. 

[0046] The production method of semiconductor sub- 
strate according to item 30 of the present invention is 
characterized in that in the production method as de- 
scribed in any one of items 9 to 29, the step of forming 
a first silicon layer on the insulating underiay is a step 
of epitaxially growing the first silicon layer on the insu- 
lating underlay. 

[0047] The production method of semiconductor sub- 
strate according to item 31 of the present invention is 



characterized in that in the production method as de- 
scribed in any one of items 9 to 30. the insulating under- 
lay is a single crystal oxide substrate. 
[0048] The production method of semiconductor sub- 
5 strate according to item 32 of the present invention Is 
characterized in that in the production method as de- 
scribed in item 31 , the insulating underlay is a sapphire 
substrate. 

[0049] The production method of semiconductor sub- 

10 strate according to item 33 of the present invention is 
characterized in that in the production method as de- 
scribed in any one of items 9 to 30, the insulating under- 
lay Is a laminated substrate comprising crystalline oxide 
layer or fluoride layer stacked on the silicon substrate 

'5 as a substrate. 

[0050] The production method of semiconductor sub- 
strate according to item 34 of the present invention is 
characterized In that in the production method as de- 
scribed in item 33, the crystalline oxide layer comprises 

20 one of a-Al203. 7-AI2O3, O-AlgOa, MgO Al203. Ce02, 
SrTi03, (Zr^. x.Y^)Oy, Pb(Zr, Tl)03. Lnra03, and LiNbOg. 
and the crystalline fluoride layer comprises CaFg. 
[0051] Further, the semiconductor substrate accord- 
ing to item 35 of the present invention is characterized 

25 in that it is produced by the production method as de- 
scribed in any one of items 9 to 34. 
[0052] The semiconductor substrate according to 
item 36 of the present invention is characterized in that 
in the semiconductor substrate as described in any one 

30 of items 1 to 8, it is produced by the production method 
as described in any one of items 9 to 34. 
[0053] Further, a semiconductor device according to 
Item 37 of the present invention Is characterized in that 
it is a semiconductor device using a semiconductor sub- 

35 strate as substrate, as the semiconductor substrate, the 
semiconductor substrate as described in any one of 
Items 1 to 8 is used, whereby improving device charac- 
teristics. 

[0054] The semiconductor device according to item 
40 38 of the present invention is characterized In that In the 
semiconductor device as described in item 37, the sem- 
iconductor device is MOSFET, and the devbe charac- 
teristics are improved by using the semiconductor sub- 
strate as described in any one of items 1 to 8 as semi- 
45 conductor substrate thereof is at least one of trans-con- 
ductance, cut-off frequency, flk^ker noise, electrostatic 
discharge, drain breakdown voltage, dielectric break- 
down charge amount, and leakage current characteris- 
tics. 

50 [0055] The semiconductor device according to item 
39 of the present invention is characterized in that in the 
semiconductor device as described in item 38, the 
MOSFET uses the semiconductor substrate as de- 
scribed in any one of items 1 to 8 as the semiconductor 

55 substrate thereof, is a MOSFET formed on a semicon- 
ductor substrate with a thickness of crystalline silicon 
layer of 0.03nm or more and 0.7pm or less, no kink ap- 
pears in current - voltage characteristic, drain break- 
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down voltage for the case of a gate length of 0.8 jim is 
7V or nnore, and has a characteristic that input gale volt- 
age spectral density representing flicker noise is 3 > 
1 0'^2 \/2/Hz or less at a measuring frequency of 100 Hz. 
[0056] The semiconductor device according to item 

40 of the present invention is characterized in that in the 
semiconductor device as described in item 37, the sem- 
iconductor device is a bipolar transistor, and the device 
characteristic improved by using the semiconductor 
substrate as described in any one of items 1 to 8 as sem- 
iconduclor substrate thereof is at least one of trans-con- 
ductance, cut-off frequency, collector current, leakage 
current, and current gain. 

[0057] The semiconductor device according to item 

41 of the present invention is characterized in that in the 
semiconductor device as described in item 37, the sem- 
iconductor device is a diode, and the device character- 
istic improved by using the semiconductor substrate as 
described in any one of items 1 lo 8 as semiconductor 
substrate thereof is at least one of reverse bias leakage 
current, forward bias current, and diode factor. 
[0058] The semk:onductor device according to item 

42 of the present inventk>n is characterized in that in the 
semiconductor device as described in item 41 , the diode 
is a pin photodiode formed on the semiconductor sub- 
strate as described in any one of items 1 to 8 as the 
semiconductor substrate thereof having a thickness of 
crystalline silicon layer of 0.03 \im or more and 0.7 f.im 
or less, having a pin area width of each 1|j m, and having 
characteristics that dark current measured under a con- 
dition applied with a 2V reverse bias is 10*^^ A or less, 
and photocurrent under light irradiation of IW/cm^ in- 
tensity at wavelength 850 nm is 10'^^ A or more. 
[0059] The semiconductor device according to item 

43 of the present invention is characterized in that in the 
semiconductor devk:e as described in item 37, the sem- 
iconductor device is a semiconductor device integrated 
circuit, and the device characteristic improved by using 
the semiconductor substrate as described in any one of 
items 1 to 8 as semiconductor substrate thereof is at 
least one of frequency characteristic, noise characteris- 
tic, amplification characteristic, and power consumption 
characteristic. 

[0060] Further, the semiconductor device according 
to item 44 of the present invention is a semiconductor 
device using a semiconductor substrate as the sub- 
strate characterized in that as the semiconductor sub- 
strate, the semiconductor substrate produced by the 
production method as described in any one of items 9 
to 34 is used, whereby improving device characteristics. 
[0061] The semrconductor device according to item 
45 of the present invention is characterized in that in the 
semiconductor device as described in item 44, the sem- 
iconductor device is a MOSFET, and the device charac- 
teristic is at least one of trans-conductance, cut-off fre- 
quency, flicker noise, electrostatic discharge, drain 
breakdown voltage, dielectric breakdown charge 
amount, and leakage current characteristics. 



[0062] The semiconductor device according to item 

46 of the present invention is characterized in that in the 
semiconductor device as described in item 45, the 
MOSFET uses the semiconductor substrate produced 

5 by the production method as described in any one of 
items 9 to 34 as the semiconductor substrate thereof, is 
a MOSFET fonmed on a semiconductor substrate with 
a thickness of crystalline silicon layer of 0.03(im or more 
and 0.7 p.m or less, having characteristics that no kink 

10 appears in current - voltage characteristic, drain break- 
down voltage for the case of a gate length of 0.8 m is 
7V or more, and input gate voltage spectral density rep- 
resenting flicker noise is 3 X lO^^^ v^/Hz or less at a 
measuring frequency of 100 Hz. 

15 [0063] The semiconductor device according to item 

47 of the present invention is characterized in that in the 
semiconductor device as described in item 44, the sem- 
iconductor device is a bipolar transistor, and the device 
characteristic is at least one of trans-conductance, cut- 
off frequency, collector current, leakage current, and 
current gain. 

[0064] The semiconductor device according to item 

48 of the present invention is characterized in that in the 
semiconductor device as described in item 44, the sem- 
iconductor device is a diode, and the device character- 
istic is at least one of reverse bias leakage current, for- 
ward bias current, and diode factor. 
[0065] The semiconductor device according to item 

49 of the present invention is characterized in that in the 
semiconductor device as described in item 48, the diode 
is a pin photodiode formed on the semiconductor sub- 
strate as described in any one of items 1 to 8 as the 
semiconductor substrate thereof having a thickness of 
crystalline silicon layer of 0.03 |im or more and 0.7 ^im 
or less, having a pin area width of each 1 iim, and having 
characteristics that dark current measured under a con- 
dition applied with a 2V reverse bias is 10'^^ A or less, 
and photocurrent under light irradiation of 1 W/cm^ in- 
tensity at wavelength 850 nm is 10-^^ ^ or more. 
[0066] The semiconductor device according to item 

50 of the present invention is characterized in that in the 
semiconductor device as described in item 44, the sem- 
iconductor device is a semiconductor integrated circuit, 
and the device characteristic is at least one of frequency 
characteristic, noise characteristic, amplification char- 
acteristic, and power consumption characteristic. 
[0067] Further, a production method of semiconduc- 
tor device according to item 51 of the present invention 
is a method of producing a semiconductor device com- 
prising an insulating underlay and a silicon layer formed 
thereon the method comprising: 

(a) a step of forming a first silicon layer on the insu- 
lating underlay; 

(b) a step of performing a first ion implantation to 
the first silicon layer to make a deep part of interface 
amorphous, and recrystallizing the amorphous lay- 
er by a first heat treatment; 
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(c) ?i step of epitaxiaily growing a silicon layer on 
the firsl silicon layer to form a second silicon layer; 

(d) a step of performing a second ion innplantation 
to the second silicon layer to make a deep part of 
interface amorphous, and recrystallizing the amor- 
phous layer by a second heal treatment; and 

(e) after heat treating the silicon layer formed in the 
step (d) in an oxidizing atmosphere to oxidize part 
of surface side, a step of removing the fomied sill- 
con oxide film by etching to adjust the silicon layer 
to a desired thickness. 

[0068] Still further, a production method of semicon- 
ductor device according to item 52 of the present inven- 
tion is a method of producing a semiconductor device 
comprising an insulating underlay and a silicon layer 
formed thereon . the method comprising: 

(a) a step of forming a first silicon layer on the insu- 
lating underlay; 

(b) a step of performing a first ion implantation to 
the first silicon layer to make a deep part of interface 
amorphous, and recrystallizing the amorphous lay- 
er by a first heat treatment; 

(c) a step of heat treating the recrystallized first sil- 
icon layer in an oxidizing atmosphere to oxidize part 
of surface side; 

(d) a step of removing the silicon oxide film formed 
in the step (c) by etching; 

(e) a step of epitaxially growing a silicon layer on 
the remaining first silicon layer to form a second sil- 
icon layer: 

(f) a step of performing a second ion implantation 
to the second silicon layer to make a deep part of 
interface amorphous, and recrystallizing the amor- 
phous layer by a second heat treatment; 

(g) after heal treating the silicon layer formed in the 
step (f) in an oxidizing atmosphere to oxidize part 
of surface side, a step of removing the formed sili- 
con oxide film by etching to adjust the silicon layer 
to a desired thickness. 

[0069] The production method of semiconductor de- 
vice according to item 53 of the present invention is 
characterized in that in the production method of semi- 
conductor device as described in item 52. when forming 
the remaining firs! silicon layer lo a predetermined thick- 
ness, the steps (c) to (d) are repeated two times or more. 
[0070] The production method of semiconductor de- 
vice according to item 54 of the present invention is 
characterized in that in the production method of semi- 
conductor device as described in any one of items 52 to 
53, the silicon layer formed in the step (f) is regarded as 
the recrystallized first silicon layer formed in the step (b), 
and the steps (c) to (f) are repealed two times or more. 
[0071] Further, a production method of semiconduc- 
tor device according lo item 55 of the present invention 
is a method of producing a semiconductor device com- 



10 



15 



prising an insulating underlay and a silicon layer formed 
thereon, the method comprising: 

(a) a step of forming a first silicon layer on the insu- 
lating underlay; 

(b) a step of heal treating the first silicon layer in an 
oxidizing atmosphere to oxidize part of surface side; 

(c) a step of removing the silicon oxide film formed 
in the step (b) by etching; 

(d) a step of epitaxially growing a silicon layer on 
the remaining first silicon layer to fonm a second sil- 
icon layer; 

(e) a step of ion implanting to the second silicon lay- 
er to make a deep part of interface amorphous, and 
recrystallizing the amorphous layer by heat treat- 
ment; and 

(f) after heat treating the silicon layer formed In the 
step (e) in an oxidizing atmosphere to oxidize part 
of surface side, a step of removing the formed sili- 
con oxide film by etching to adjust the silicon layer 
to a desired thickness. 



[0072] The production method of semiconductor de- 
vice according to item 56 of the present invention is 

^5 characterized in that in the production method of semi- 
conductor device as described in item 55, when forming 
the remaining first silicon layer to a predetermined thick- 
ness, the steps (b) to (c) are repeated two times ormore. 
[0073] The production method of semiconductor de- 

30 vice according to item 57 of the present invention is 
characterized in that in the production method of semi- 
conductor device as described in any one of items 55 to 
56, the silicon layer fomied in the step (e) is regarded 
as the first silicon layer formed in the step (a), and the 

35 steps (b) to (e) are repeated two times or more. 

[0074] The production method of semiconductor de- 
vice according to item 58 of the present invention is 
characterized in that in the production method of semi- 
conductor device as described in any one of items 51 lo 

40 57, after the step of ion implanting to the second silrcon 
layer to make a deep part of Interface amorphous and 
recrystallizing the amorphous layer by heat treatment, 
or after the step of epitaxially growing the silicon layer 
to form a second silicon layer, further comprising a step 

^5 of heat treatment in hydrogen. 

[0075] The production method of semiconductor de- 
vice according lo item 59 of the present invention is 
characterized in that in the production method of semi- 
conductor device as described in any one of items 51 to 

so 57^ after the step of ion implanting the second silicon 
layer to make a deep part of interface amorphous and 
recrystallizing the amorphous layer by heat treatment, 
surface of the silicon layer is flattened by chemical and/ 
or mechank:al polishing. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0076] 

Figs 1A to 1H are sectional diagrams of SOS sub- 
strate in production- process showing production 
procedures of the semiconductor substrate accord- 
ing to the invention described in item 10 of the 
present invention; 

Fig. 2 is X-ray diffraction rocking curves of a silicon 
(004) peak parallel to the substrate surface and a 
silicon (040) peak perpendicular to the substrate 
surface of the SOS substrates produced in Embod- 
iment 1 and Comparative Example 1 of the present 
invention; 

hig. 3 is a graph showing changes in depth direction- 
of X-ray diffraction rocking curve full width at half 
maximum of a silicon (040) peak perpendicular to 
the subslrale surface of the SOS substrates pro- 
duced in Embodiment 1 and Comparative Example 
1 of the present invention; 

Fig. 4 is a sectional construction diagram of a MOS- 
FET produced using the SOS substrate produced 
in Embodiment 1 of the present invention; 
Fig. 5 is a diagram representing current - voltage 
characteristic of NMOSFET produced using SOS 
substrate produced in Embodiment 1 of the present 
invention and using a commercial bonded SOI sub- 
slrale of Comparative Example 1 ; 
Fig. 6 is a diagram representing flicker noise char- 
acteristic of NMOSFET produced using SOS sub- 
strates produced in Embodiment 1 of the present 
invention and Comparative Example 1 ; 
Fig. 7 is a sectional construction diagram of a pin 
photodiode produced using the SOS substrate pro- 
duced in Embodiment 1 of the present invention. 

BEST MODE FOR PRACTICING THE INVENTION 

[0077] The present invention will be described in de- 
tail in the following. 

[0078] As the insulating underlay in the present inven- 
tion, a single crystal oxide substrate such as sapphire, 
a crystalline oxide layer such as C/.-AI2O3, Y-AI2O3, «- 
AI2O3, MgO AIgOa, Ce02: SrTi03, {Zr^,^y^)Oy, Pb(Zr, 
Ti)03, LiTa03, and LiNb03. or a crystalline fluoride layer 
such as CaFg slacked on a silicon subslrale as the sub- 
strate is used. Further, in the present invention, as the 
insulating underlay, an amorphous material, for exam- 
ple, a glass substrate or Si02 or the like on a silicon sub- 
strate as the substrate is also applicable. 
[0079] Still further, in ihc present invention, method of 
growing an oxide layer or a fluoride layer on the silicon 
substrate is not specifically limited, normally a low pres> 
sure chemical vapor deposition method (LPCVD meth- 
od), and an ullra-high-vacuum chemical vapor deposi- 
tion melhod (UHV-CVD method), a molecular-beam epi- 
taxy method (MBE method), a sputtering method, a la- 



ser MBE melhod or the like is used. For the case of SiO^, 
a silicon substrate thermally oxidized in an oxidizing at- 
mosphere can be used. 

[0080] Fig. 1 shows a production procedure of SOS 
5 substrate of a practical semiconductor substrate ac- 
cording to item 10 of the present invention. 
[0081] In the present invention, first, on a sapphire 
substrate 1 , a first silicon layer 2 is epitaxially grown (a), 
as the growing method, an atmospheric pressure vapor 
w deposition method (VD method), a low pressure chem- 
ical vapor deposition method (LPCVD method), an ultra- 
high-vacuum chemical vapor deposition method (UHV- 
CVD method), a molecular-beam epitaxy method (MBE 
method), an electron beam (EB) deposition method or 

'5 the like is used. In particular, the epitaxial growth method 
is preferable. In this case, although thickness of the first 
silicon layer is not specifically limited, for example, a 
range from 0. 03 \ivn to 1 jim is practicable. 
[0082] Afler epitaxially growing the first silicon layer 

20 2, silicon ion is implanted as a first ion implantation to 
make its deep part 3 amorphous (b), annealing is per- 
formed as a first heat treatment to form a silicon layer 4 
recrystallized from surface layer (c). Although silicon ion 
implantation condition depends on film thickness of sil- 

25 icon layer, it is preferable to perform ion implantation in 
a condition that about 80% of silicon layer from interface 
with the insulating underlay is made amorphous. An- 
nealing in recrystallization is preferably a process that 
after heat treatment in a nitrogen atmosphere or an ox- 

30 idlzing atmosphere in the range from 500**C to lOOO^C 
or after heat treatment in a nitrogen atmosphere, heat 
treating in an oxidizing atmosphere. During recrystalli- 
zation, to decrease the effect of thennal stress caused 
by a difference in thermal expansion coefficient between 

35 the silicon layer and the insulating underlay, it is prefer- 
able to perform a two-stage annealing that, first, anneal- 
ing is performed at a relatively low temperature, and 
subsequently: annealing is performed at a higher tem- 
perature. Next, the recrystallized silicon layer 4 is heat 
treated in an oxidizing atmosphere to form a silk:on ox- 
ide film 5 on the surface (d) in which rearrangement of 
the atoms takes place by the heat treatment, conse- 
quently, dislocations or stacking faults due to lattice non- 
uniformity at the interlace, which are generated in the 

-^5 first silicon layer after epitaxial growth, are reduced, or 
parts having a different orientation disappear. 
[0083] In the present invention, temperature of heal 
treatment in an oxidizing atmosphere is SOO^'C or more 
and 1350'C or less, preferably 600^*0 or more and 

50 1300**C or less. If the temperature is too low, effect of 
rearrangement of atom is reduced, and, on the other 
hand^ if the temperature is too high, there is a problem 
in that component elements of the underlay diffuse into 
the silicon layer. Further, when the temperature of the 

55 heat treatment in an oxidizing atmosphere is high, a do- 
nor type defect generates in the silicon layer. For exam- 
ple, in a MOSFET problems such as the deviation of 
operation start voltage, that is. deviation of threshold 
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voltage may be generated. Thus, it is preferable to per- 
form a two-stage heat treatment at different tempera- 
lures of high-temperature heat treatment for heat treat- 
ment in an oxidizing atmosphere at a high temperature, 
and subsequent low-temperature heat treatment for 
heat treatment in an oxidizing atmosphere at a lower 
temperature, which is preferable in forming a higher re- 
liability semiconductor device on the semiconductor 
substrate according to the present invention. In the case 
of performing a two-stage heat treatment at different 
temperatures, the preferable temperature of the high- 
temperature heal treatment is 800**C or more and 
1 200**C or less, and preferable temperature of low-tem- 
perature heat treatment is 700*C or more and 1 1 00*C 
or less. 

[0084] Further, the heal treatment atmosphere is not 
specifically limited if il is an oxidizing atmosphere, oxi- 
dizing gases such as Og, O2 + H2. HgO, N2O or a gas 
atmosphere in which these oxidizing gases are diluted 
with an inert gas such as N2 or Ar is normally used. How- 
ever, it is preferable to use O2 + H2 mixed gas or a gas 
including H2O, since a greater effect is obtained in temris 
of reduction of crystalline defects or improvement of 
crystallinity. This is considered as due to the fact that 
heat treatment in an oxidizing atmosphere, in addition 
to the effect of the rearrangement of atoms, has an effect 
that when the silicon layer is oxidized to form a silicon 
oxide film, interstitial silicon atoms are produced in the 
vicinity of the surface of the silicon layer, which diffuse 
into the silicon layer to fill the silicon vacancy, thereby 
removing stacking faults orthe like. When the heat treat- 
ment atmosphere is O2 + H2 mixed gas or a gas includ- 
ing H2O, the generation speed of the interstital silicon 
atom increases in the vicinity of the silicon layer surface, 
thereby obtaining a greater effect in terms of the crys- 
talline defect reduction or improvement of crystallinity. 
[0085] Next, the silicon oxide layer 5 is removed by 
etching with hydrofluoric acid or buffered hydrofluoric 
acid (BHF) or the like. A great reduction in crystalline 
defects or improvement of crystallinity can be obtained 
by preparing a first silicon layer to a predetermined thick- 
ness, and performing the step (d) of heat treating the 
silicon layer 4 in an oxidizing atmosphere to forni the 
silicon oxide layer 5 on the surface and then the step (e) 
of removing the silicon oxide layer 5 by etching and re- 
peating steps (d) and (e) two or more times. Thus, the 
chance for the oxidizing gas to contact the silicon layer 
surface increases, and the generation speed of intersti- 
tial silicon atom increases in the vicinity of the silicon 
layer surface. 

[0086] After that, using the remaining silicon layer 6 
as a seed layer, further thorcon, the silicon layer 7 is 
homoepitaxially grown (f). As the growth method at this 
time, as in the first silicon layer APCVD method, LPCVD 
method, UHV-CVD method, MBE method, EB deposi- 
tion method and the tike are used, however, it is not re- 
quired to be the same method as the first silicon layer 
2. This stacking is the same as homoepitaxial growth for 



stacking silicon layer on the silkron single crystal sub- 
strate, which is not affected by the difference in lattice 
constant. In addition, it also has an effect of decreasing 
the growing temperature, and. as compared with the sil- 

5 k:on layer proposed by the prior art heteroepitaxial 
growth, the crystallinity or surface flatness is improved 
When the silicon layer 7 is homoepitaxially grown, it is 
important that in the initial stage of growth, a silicon ox- 
ide layer disturbing epitaxial growth of silicon does not 

10 exist on the seed layer surface. For this purpose, it is 
preferable that the content of water or oxygen is as small 
as possible in the growing atmosphere. As the growing 
method, a method capable of growing the silicon layer 
at a base pressure when the raw material is not supplied 

'5 is 1 0-7 Torr or less, and under an ultra-high-vacuum at- 
mosphere as in the UHV-CVD method, and MBE meth- 
od, is preferable, 

[0087] Further, it is preferable to perform heat treat- 
ment in a hydrogen atmosphere or in vacuum for remov- 
20 ing native oxide film or chemical oxide on the seed layer 
6 before performing homoepitaxial growth of the silicon 
layer 7. 

[0088] Temperature of performing epitaxial growth of 
the silicon layer 7 is normally 400®C or more and 1200**C 

^5 or less, preferably 550*C or more and lOSCC or less. 
Formation of silicon oxide layer on the seed layer sur- 
face is determined by the existence of water or oxygen 
in the growing atmosphere and growing temperature, 
the smaller the existence of water or oxygen in the grow- 

50 ing atmosphere, the more difficult it is to fonri silicon ox- 
ide layer at a low temperature. Therefore, in a method 
capable of growing the silicon layer In an ultra-high-vac- 
uum atmosphere such as UHV-CVD method or MBE 
method, it is possible to perform epitaxial growth at a 

35 relatively low temperature, however, in this case, be- 
cause themial stress becomes small, high quality crys- 
tal silicon layer is easily obtained, which is preferable. 
Further, when the base pressure is 10-^ Terror more in 
APCVD method or LPCVD method, to suppress forma- 

"fo tion of silicon oxide layer, it is effective for performing 
good epitaxial growth to use a temperature profile that 
a high growth temperature is used in the initial stage of 
growth, and the growth temperature is decreased from 
the halfway. 

45 [0089] Thickness of the seed layer 6 for homoepitaxial 
growth of the silicon layer 7 in the present invention is 
not specifically limited, it is preferably 5 nm or more and 
11|im or less. 

[0090] Next, to the second silicon layer (6+7), silicon 
50 ion is again implanted as a second ion implantation (g) 
to make its deep part amorphous, and annealing is per- 
formed as a second heat treatment to form a silicon layer 
8 recrystalMzed from the surface layer (h). When, in the 
present invention, after the silicon layer is made amor- 
55 phous, recrystallized by the second heat treatment, 
since recrystallization progresses in the interface direc- 
tion from the silicon layer surface to the insulating layer, 
the better the crystallinity of the surface silicon layer and 
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a higher cryslallinity of the recfyst?illi>ed silicon \fiyer. 
Since the siticon layer 7 epitaxially grown on the seed 
layer formed by heat treatment in an oxidizing atmos- 
phere is higher in crystaHinity than the first epitaxial sil- 
icon layer, after making the second silicon layer amor- 
phous, a highly crystalline silicon layer can be formed 
by recrystallization. Further, in Fig. 1 . by repeating the 
steps from (d) to (h) two or more limes, a remarkable 
effect can be achieved in terms of the reduction of the 
crystalline defect density, improvement of crystallinity, 
reduction of surface roughness and the like. 
[0091 ] In the present invention, it is preferable to per- 
form the heat treatment in a hydrogen atmosphere to 
the first silicon layer 2 or the above recrystallized siticon 
layer 8, since silicon atoms migrate on the surface to 
cause rearrangement of crystal thereby achieving re- 
duction of crystal defect or improvement of surface flat- 
ness. When the temperature of the heat treatment in a 
hydrogen atmosphere is loo low, surface migration of 
silicon atom does not sufficiently generate, and when it 
is too high, a large amount of component atoms of the 
underlay (for example, Al in the case of sapphire) diffuse 
into the silicon layer to lower the crystallinity of silicon 
layer or change the carrier density. Therefore, it is pref- 
erable to heat to a temperature of 700*C or more and 
1300*0 or less, preferably 800**C or more and 1200*C 
or less. 

[0092] Further, the hydrogen partial pressure during 
the heat treatment can be selected in the range from 1 
Torr to 760 Torr. The partial pressure can be adjusted 
by evacuation by a vacuum pump or dilution using an 
inert gas. 

[0093] Although the time of heat treatment in hydro- 
gen can be optionally selected, it is preferably 2 minutes 
to 5 hours, more preferably 5 minutes to 3 hours. 
[0094] When after reciystallizing by annealing of sec- 
ond heat treatment, it is preferable that the surface of 
the silicon layer 8 is flattened. This results in a good ef- 
fect for device performance or reliability. As the method 
of flattening, heat treatment in a hydrogen atmosphere 
as described above or chemical and/or mechanical pol- 
ishing Is preferable. 

[0095] When single crystalline oxide substrates such 
as sapphire substrate, and SOI substrates using the in- 
sulating underlay of silicon substrates and crystalline 
oxide layers such as a -AI2O3, Y-AI2O3. e-Al203, 
MgO AIgOa. Ce02, SrTi03, (Zr^.^,YJOy, Pb(Zr, Ti)03, 
LiTa03, and LiNb03 stacked thereon or a laminated sub- 
strate comprising a crystalline fluoride layer such as 
OaF2 stacked thereon are immersed in an etching solu- 
tion mixing I2, Kl, HF, methanol, and water to form pits, 
and then the number of pits per unit area is measured 
using a scanning electron microscope (SEM) to deter- 
mine crystalline defect density of silicon layer, even 
when thickness of the silicon layer is as small as 0.03 
j.im to 0.7 }.im, a value of 7 v lOS/cm^ or less is obtained 
over the entire depth direction of the silicon layer. 
[0096] The inventive silicon layer has an X-ray diffrac- 



tion rocking curve full width at half maximum of a silicon 
(004) peak parallel to the substrate surface is 0.24 de- 
gree or less and 0.03 degree or more, and the X-ray 
diffraction rocking curve full width at half maximum of a 

5 silicon (040) peak perpendicular to the substrate surface 
Is 0.18 degree or less and 0.03 degree or more, and 
smaller than the X-ray diffraction rocking curve full width 
at half maximum of a silicon (040) peak. Further, the X- 
ray diffraction rocking curve full width at half maximum 

10 of a silk^on (040) peak perpendicular to the substrate 
surface of the silicon layer is almost constant over the 
entire depth direction and shows a value of 0.18 degree 
or less and 0.03 degree or more. 

[0097] In the present invention, the surface rough- 
ness indicates root mean square roughness Rrms in the 
area of lOfim x lOpjn measured using an atomic force 
microscope, and surface roughness of SOI substrate as 
the semiconductor substrate produced by the present 
invention is all 2 nm or less. 

20 [0098] Since, according to the present invention, on 
the sirigle crystalline oxide substrate such as sapphire 
or crystalline oxide layers such as a-Al203, 7^Al203, 0 
-AI2O3, MgO-Al203, Ce02, SrTi03. (Zr^.^,Y^)Oy. Pb(2r, 
Ti)03, LiTa03, and LiNbOg or a crystalline fluoride layer 

25 such as CaF2 stacked thereon, a silicon layer of very 
small crystalline defect density and good surface flat- 
ness can be produced, on this SOI substrate, a semi- 
conductor device having superior performance that can- 
not be obtained with the same prior art material compo- 

30 sition can be formed. 

[0099] The semiconductor device, as described in 
items 51 to 59. is obtained by including a substrate qual- 
ity improving step for improving the crystallinity or sur- 
face flatness of the SOI substrate as the semiconductor 

35 substrate as a prestage. and subsequent steps may be 
those taught by the prior art. 

[0100] In the semiconductor device in the present in- 
vention, the type thereof is not specifically limited, and 
includes all types of silicon devices, such as MOSFET, 
bipolar transistor, BiCMOS transistor combining both, 
thin film transistor (TFT), diode, solar cell, and the like. 
Further. MOSFET and integrated circuits composed of 
the above devices may be included. 
[0101] For example, when a MOSFET is fomned on 

45 the SOS substrate, the siticon layer on which the MOS- 
FET is fonned is small in crystalline defect density or 
surface roughness, the carrier is less subjected lo scat- 
tering during movement in channel, and the effective 
mobility or trans-conductance is increased. 

50 [0102] Further, the flicker noise is said lo be due to a 
fluctuation of mobility when the moving carrier is scat- 
tered by crystalline defects in the silicon layer, or due to 
a process of capture and detachment of moving carriers 
through a trap generated on the interface of the silicon 

55 layer having a surface roughness and gale oxide film 
formed thereon By reducing the crystalline defects and 
surface roughness of the silicon layer, low flicker noise 
can be achieved. 
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[01 03) Still further, when a gale oxide film constituting 
MOSFET is produced by thermal oxidation of the silicon 
layer, if the crystalline defect density or surface rough- 
ness is large as in the prior art. the thickness of the SiOo 
film after thermal oxidation becomes uneven, or pin peel 
or a weak spot is included in the film, which results in a 
reduction of the insulation resistance. In the present in- 
vention, since the silicon layer on which the MOSFET is 
formed is low in crystalline defect density and small in 
surface roughness, defects of SiOg film after theimal ox- 
idation are smalt, and it has a high gate insulation break- 
down voltage. 

[0104] Yet further, by reducing crystalline defect den- 
sity ol the silrcon layer on which a MOSFET is formed, 
the current passes through the defects is small. There- 
lore, when the MOSFET is in an OFF state, leakage cur- 
rent flowing between the source and drain can be re- 
duced, and a high electrostatic breakdown voltage 
(cleciroslalic discharge) is obtained. 
[0105] In addition, as described above, the SOI struc- 
tures of the prior art have been liigh in snap back break- 
down voltage of MOSFET as compared with bonded 
SOI substrate or a SIMOX substrate in which an under- 
lay of the silicon layer is SiOg, however, by the present 
invention, because crystalline defect of silicon layer is 
reduced, leakage current between the source and drain 
is decreased, and during heat treatment at high temper- 
ature, Al as a component element of the undeday dif- 
fuses in the silicon layer to form a hot carrier killer level 
in the vicinity of interface to suppress accumulation of 
hot carrier at the body part, an even higher snap back 
breakdown voltage is obtained. 

[0106] In the present invention, when a MOSFET of 
gate length O.Sfim is formed on the SOI substrate as 
semiconductor substrate of a silicon layer thickness of 
0.03|i m or more and 0.7 j.im or less, characteristk:s are 
obtained that no kink appears in the current - voltage 
characteristic, drain breakdown voltage is 7V or more, 
and input gate voltage spectral density representing 
flicker noise is 3 - 10-^2 v^/Hz or less at a measuring 
frequency of 100 Hz, 

[0107] As described above, an integrated circuit 
formed from the MOSFET having a high pertomiance 
and high reliability on the SOS substrate, in the same 
design rule, can provide very superior characteristics as 
compared with the prior art. such as high operation 
speed, low noise, good amplification characteristics, 
high reliability and the like. For this reason, it can be 
utilized in various applrcations such as mobile commu- 
nication high-frequency parts, satellite LSI. analog/dig- 
ital converter devices (ADC, DAC), optical transmission 
LSI. analog - digital mixed LSI and the like. Thus, it is a 
very useful device. 

[01 08] Further when a bipolar transistor is formed on 
an SOS substrate as in the present invention with a 
MOSFET device, characteristics such as trans -conduct- 
ance, cut-off frequency collector current, leakage cur- 
rent, current gain and the like are improved. 



[0109] Still further, when an optical device such as a 
photodk>de. optical waveguide, various optical image 
sensors or the like is fomned on the SOS substrate as 
in the present invention, there is a reduction of the crys- 
5 talline defect density and surface roughness of the sili- 
con layer on which the optical devrce is formed. For ex- 
ample, the current passing through crystalline defects 
is small. Also, since recombination of carriers such as 
electrons or positive holes generated by light absorption 
10 is difficult to take place, in the photodiode or optical im- 
age sensor, dark current when light is not applied is low, 
and photocurrent during irradiation is high. Yet further, 
because tight scattering due to crystal defects or surface 
roughness is small, the optical waveguide is small in 
'5 propagation loss. 

[0110] In the present invention, on the SOI substrate 
as a semiconductor substrate having a thickness of the 
silicon layer of 0.03 jim or more and 0.7^m or less, when 
a pin photodiode with a pin area width of each 1 [im is 

20 formed, the dark current measured using a 2V reverse 
bias is 1 0"^^ A or less, and the photocurrent under light 
irradiation at an intensity 1 W/cm^ at wavelength 850 nm 
is 10-^** A or more. As described above, in the SOI sub- 
strate of the prior art, a sufficiently practicable photodi- 

25 ode was not obtained, however, with the present inven- 
tion, the dark current is reduced and the photocurrent is 
increased, and it becomes possible to obtain a practi- 
cable photodiode on the SOI substrate. 
[0111] In the following, embodiments of the present 

30 invention and comparative examples will be shown. 

(Embodiment 1 ) 

[01 12] On a R -plane sapphire substrate, by a LPCVD 

35 method using monosilane (SiH4) gas as a source mate- 
rial, a first silicon layer was grown to a thickness of 280 
nm at a growing temperature of 950'*C. This first silicon 
layer was implanted with silicon ion of energy 190 keV 
in an amount of 1 x iC^/cm^ as a first ion implantation 

40 while maintaining the substrate temperature at 0**C to 
make the interface side with sapphire amorphous. After 
that, as a first heat treatment, in a nitrogen gas atmos- 
phere, heat treatment at temperature 550*G for 30 min- 
utes, then at temperature 900'C for 60 minutes was per- 

45 formed to recrystallize the silicon layer. Next, the result- 
ing product was introduced In an oxidation furnace, and 
subjected to water vapor oxidation al 1 000^*0 for 60 min- 
utes. Then, after immersing in BHF to remove oxide film, 
it was again water vapor oxidized at 900*0 for 60 min- 

50 utes. This oxide film was removed, and the thickness of 
the silicon layer after removal was 100 nm. 
[0113] Next, on the remaining silicon layer, by a 
LPCVD method using monosilane as raw material, a sil- 
icon layer was stacked at a growing temperature of 

55 950*C to form a second silicon layer. Here, when a total 
film thickness of the second silicon layer was measured, 
it was 280 nm. To the second silicon layer, as a second 
ion implantation, while maintaining the substrate tem- 
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pemture at 0*C, silicon ion of energy 190 keV was im- 
planted ID 1 - 10'^/cm2 to make the interface side with 
sapphire amorphous. After that, as a second heal treat- 
ment, heal treatment was perfomied in a nitrogen gas 
atmosphere at temperature 550®C for 30 minutes, then 
at temperature 900°C for 60 minutes to recrystallize the 
silicon layer. Next, the resulting product was introduced 
in an oxidation furnace, and subjected to water vapor 
oxidation at 1 000*^0 for 60 minutes. Then, after the prod- 
uct was immersed in BHF to remove the oxide film, 
again water vapor oxidized at 900*C for 50 minutes. 
This oxide film was removed, and the thickness of the 
silicon layer after removal was 1 00 nm. 
[0114] To evaluate the crystallinity of the SOS sub- 
strate, the number of pits per unit area was measured 
using a scanning electron microscope (SEM) to deter- 
mine crystalline defect density using the following pro- 
cedure. 

(1) The substrate was ultrasonically cleaned in 
methanol, 

(2) natural oxide layer on the surface was removed 
using 2% HF aqueous solution, 

(3) overflowed with pure water, 

(4) the substrate was immersed for 45 seconds in 
an etching solution mixed in a ratio of Ig (4g) + Kl 
(1 2g) + methanol (40 cc) + HgO (40 cc) + HF (3 cc), 

(5) after overflowing with pure water, the above (2) 
and (3) were repeated. 

[0115] As a result, crystal defect density was 5.0 x 
106/cm2 

[0116] Further, the resulting SOS substrate was 
measured for rocking curve half widths of (004) plane 
parallel to the substrate and perpendicular (040) plane 
using a high resolution X-ray diffraction apparatus. 
[01 17] As a result, a curve as shown in Fig. 2 was ob- 
tained, the (004) plane half width detemnined from the 
figure was 0.182 degree, and the (040) plane half width 
was 0.126 degree. Further, as shown in Fig. 3, the (040) 
plane half width was constant In the depth direction, and 
the crystallinity was unifomi in the depth direction of the 
silicon layer 

[0118] Still further, when surface roughness (Rrms)of 
the silicon layer was measured by an interatomic force 
microscope, it was 1 .4 nm. 

[0119] Next, on the resulting SOS substrate, using a 
CMOS process, an n-type MOSFET of gate width 50 
microns and gate length 0.8 micron was produced. A 
sectional diagram of the device is shown in Fig. 4. In this 
case, LOCOS (Local Oxidation) was used for device 
separation, and thickness of gale oxide film was 8 nm. 
To the channel, BFg* at energy 35 keV was implanted 
in an amount of 6 0 X AO'^^/cm^, 

[0120] This n-type I^OSFET had a threshold voltage 
of 0.7V, and, as can be seen from current - voltage curve 
in Fig. 5, fluclualion of drain current due to kinks was 
not noted. Further, the drain breakdown voltage was 



7.5V. As for the flicker noise characteristics, as shown 
in Fig. 6, evaluation was performed for input gate volt- 
age spectral density (Svg), when measured in a condi- 
tion of measuring frequency of 100 Hz. gate voltage of 
5 threshold voltage + 0.3V, and drain voltage of 1 V, Svg 
was 1.0 X 10-^2v2/Hz. 

[0121] Further, as a result of measuring the interface 
level density Nss by a charge pumping method by fre- 
quency sweep using triangular wave pulse, it was 1 .0 x 
10 l0"/cm2 

[0122] Yet further a photodiode was produced on the 
resulting SOS substrate. A sectional diagram of the de- 
vice is shown in Fig. 7. The device was formed in a p-i- 
n structure in the horizontal direction of the substrate. 

'5 the size of the i-type area was length 75 micron and 
width 1 mk:ron. To the n-lype area, As+ at energy 35 
keV of 2.0 X 10^5/cm2 was implanted. Further, to the p- 
type area, BF2* at energy 35 keV of 2.0 x 1 was 
implanted. When a 2V bias is applied to the n-lype area, 

20 dark current was 2.7 x 1 0^2 photocurrent under light 
irradiation of intensity IW/cm^ at wavelength 850 nm 
was 4.8 X 10-^0 A. 
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(Comparative Example 1 ) 



[0123] On a R-plane sapphire substrate, by a LPC VD 
method using monosilane (SiH4) gas as a source mate- 
rial, a first silicon layer was stacked to a thickness of 280 
nm at a growing temperature of 950**C. This first silicon 

30 layer was implanted with silicon ion of energy 190 keV 
in an amount of 1 x lO^^/cm^ while maintaining the sub- 
strate temperature at 0*C to make the interface side with 
sapphire amorphous. After that, in a nitrogen gas atmos- 
phere, heat treatment at temperature 550'*C for 30 min- 

35 utes, then at temperature 900**C for 60 minutes was per- 
fomied to recrystallize the silicon layer. Next, the result- 
ing product was Introduced in an oxidation furnace, and 
subjected to water vapor oxidation at 1 000**C for 60 min- 
utes. Then, after it was immersed in BHF to remove the 

40 oxide film, it was again water vapor oxidized at 900**C 
for 50 minutes. This oxide film was removed, and the 
thickness of the silicon layer after removal was 100 nm. 
[0124] When the resulting substrate was measured 
for crystalline defect density and rocking curve full width 

45 at half maximum by the same method as in Embodiment 
1, the crystal defect density was 4.3 .k lo^/cm^, and as 
shown in Fig. 2, the (004) plane full width at half maxi- 
mum was 0.270 degree and the (040) plane full width at 
half maximum was 0.278 degree. Further, as shown in 

so Fig. 3, the (040) plane full width at half maximum in- 
creased as approaching the interface of silicon layer 
with sapphire. Still further, the surface roughness 
(Rrms) of the silicon layer was 2.5 nm. 
[0125] When, using this substrate, a n-lype MOSFET 

55 was produced as in Embodiment 1 , and transistor char- 
acteristic was measured, the threshold voltage was 0 7 
V. variation of drain current due to kink effect was not 
noted, and the drain breakdown voltage was 7.3 V. Yet 
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further, when flicker noise and interfRce level density 
were measured as in Embodiment 1. Svg was 3.2 >: 
10 "V2/Hz, and Nss was, as shown in Fig. 6, 5.0 x lO^V 
cm2. 

[0126] Yet further, when a photodiode was produced s 
as in Embodiment 1 , and measured for dark current and 
photocurrent similarly, dark current was 1.4 x 10'^^ A 
and photocurrent was 9.2 x 10"^^ A. 

(Comparative Example 2) w 

[0127] Using a commercial bonded SOI with a silicon 
layer film thickness of 100 hm, a n-type MOSFET was 
produced and evaluated for transistor characteristic in 
the same condition as Embodiment 1 . Threshold volt- '5 
age was 0.7 V, however, as can be seen from the current 
- voltage curve in Fig. 5, variation of the drain cunrent 
due to kinks was observed. The drain breakdown volt- 
age at this lime was as low as 4.1 V. Further, when the 
flicker noise was measured, Svg was 3.7 x W'^^V^/Hz. 20 

(Embodiment 2) 

[0128] A SOS substrate was produced using the 
same procedure as in Embodiment 1 except that when 25 
forming the second silicon layer, the silicon layer was 
stacked at a growing temperature of 750**C by the UH V- 
CVD method monosilane as a source material. 
[0129] When the resulting substrate was measured 
for crystalline defect density and rocking curve full width 30 
at half maximum by the same method as in Embodiment 
1 , the crystal defect density was 2.5 x 1 0^/cm^, the 
(004) plane full width at half maximum was 0.167 de- 
gree, and the (040) full width at half maximum was 0. 1 20 
degree. The (004) plane full width at half maximum was 35 
constant in the depth direction, and crystallinity was uni- 
form in the depth direction of the silicon layer. Further, 
the surface roughness (Rrms) of the silicon layer was 
1.0 nm. 

[0130] When, using this substrate, a n-type MOSFET 40 
was produced and evaluated for transistor characteris- 
tics as in Embodiment 1 . The threshold voltage was 0.7 
V. variation of drain current due to kinks was not noted, 
and the drain breakdown voltage was 7.7 V. Further, 
when the flicker noise and the interface level density •'^ 
were measured as in Embodiment 1, Svg was 9.2 x 
10-i3\/2/H2 and Nss was 7.5 x 10^0/cm2. 
[0131] Still further, when a photodiode was produced 
as in Embodiment 1 , and measured for dark current and 
photocurrent in the same condition, the results were 1 .0 so 
X 10-^2Aand6.1 x 10-^° A, respectively. 

(Embodiment 3) 

[0132] A SOS substrate was produced using the 55 
same procedure as in Embodiment 1 except that after 
recrystalli7ation by the first heal treatment, when the sil- 
icon layer was oxidized, oxidation was performed at 
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lOOO^C for 1 0 hours instead of water vapor oxidation at 
1000*C for 60 minutes. 

[0133] When the resulting substrate was measured 
for crystalline defect density and rocking curve full width 
at half maximum as in the same method as Embodiment 
1 . the crystalline defect density was 6.8 x lO^/cm^, the 
(004) full width at half maximum 0.205 degree and the 
(040) full width at half maximum 0.140 degree. The 
(040) full width at half maximum was constant in the 
depth direction, and the crystallinity was uniform in the 
depth direction of the silicon layer Further, the surface 
roughness (Rrms) of the silicon layer was 1 .5 nm. 
[0134] When, using this substrate, a n-type MOSFET 
was produced as in Embodiment 1 , and evaluated for 
transistor characteristics. The threshold voltage was 0.7 
V, variation of drain current due to kink was not noted, 
and the drain breakdown voltage was 7.5 V. Further, 
when flicker noise and interface level density were 
measured as in Embodiment 1 , the results were Svg 2.0 
X 10-^2v2/|-|z and Nss 1 .6 x 10^ ^/cm^, respectively. 
[0135] Still further, when a photodiode was produced 
as in Embodiment 1 , and measured for dark current and 
photocurrent in the same condition, the results were 4.0 
X 10*^2 A and 4.0 x lO'^o A, respectively. 

(Embodiment 4) 

[0136] On a R-plane sapphire substrate, by a LPCVD 
method using monosilane gas as a source material, a 
first silicon layer was stacked to a thickness of 280 nm 
at a growing temperature of 950*C. This first silicon lay- 
er was implanted with silicon ton of energy 1 90 keV in 
an amount of 1 x lO^^/cm^ while maintaining the sub- 
strate temperature at O^C to make the interface side with 
sapphire amorphous. After that, in a nitrogen gas atmos- 
phere, heat treatment at temperature 560**C for 30 min- 
utes, then at temperature 900**C for 60 minutes was per- 
formed to recrystallize the silicon layer Next, the result- 
ing product was introduced in an oxidation furnace, and 
subjected to water vapor oxidation at 1 0OO'^C for 60 min- 
utes. Then, after immersing in BHFto remove the oxide 
film, it was again water vapor oxidized at 900**C for 50 
minutes. This oxide film was removed, and thickness of 
the silicon layer after removal was 200 nm. 
[0137] Next, the resulting product was Introduced in 
an oxidation furnace, and subjected to water vapor ox- 
idation at 1 000*C for 21 minutes. After the product was 
immersed in BHF to remove oxide film, it was again wa- 
ter vapor oxidized at 900*C for 50 minutes. Thickness 
of the silicon layer after removal of this oxide film was 
100 nm. 

[0138] Next, on the remaining silicon layer, by the 
LPCVD method using monosilane as a source material, 
a silicon layer was stacked at a growing temperature of 
950'C to form a second silicon layer. Here, when the 
total thickness of the second silicon layer was meas- 
ured, it was 280 nm 

[0139] This second silicon layer was implanted with 
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silicon ion of energy 1 90 keV in an amount of 1 x 10^®/ 
cm2 as a second ion innptantation while maintaining the 
subslrate temperature at 0**C to make the interface side 
with sapphire amorphous. After that, as a second heat 
treatment, in a nitrogen gas atmosphere, heat treatment 
at 550*C for 30 minutes, then at 900*C for 60 minutes 
was perfonmed to recrystaltize the silicon layer. Next, the 
resulting product was introduced in an oxidation fur- 
nace, and subjected to water vapor oxidation at 1000*C 
for 60 minutes. Then, after immersing in BHF to remove 
the oxide film, it was again water vapor oxidized at 
900**C for 50 minutes. Thickness of the silicon layer after 
removal of the oxide film was 1 00 nm. 
[0140] When the resulting substrate was measured 
for crystalline defect density and rocking curve full width 
at half maximum in the same method as Embodiment 
1 , the crystalline defect density was 1.5 x lO^/cm^, the 
(004) plane full width at half maximum 0.1 68 degree and 
the (040) plane full width at half maximum 0. 120 degree. 
The (040) full width at half maximum was constant in the 
depth direction, and the crystallinity was uniform in the 
depth direction of the silicon layer. Further, the surface 
roughness (Rrms) of the silicon layer was 1 .3 nm. 
[0141] When, using this substrate, a n type MOSFET 
was produced as in Embodiment 1 , and measured for 
transistor characteristics, the threshold voltage was 0.7 
V, variation of drain current due to kink was not noted, 
and the drain breakdown voltage was 7.8 V. Further, 
when flicker noise and interface level density were 
measured as in Embodiment 1 , the results were Svg 9.0 
X 10-^3V2/H2 and Nss 9.1 x lO^O/cm^ respectively. 
[0142] Still further, when a photodiode was produced 
as in Embodiment 1 , and measured for dark current and 
photocurrenl in the same conditions, the results were 
9.3 X 10-^3 A and 6.5 x lO-io a, respectively 

(Embodiment 5) 

[0143] A SOS substrate was produced using the 
same procedure as in Embodiment 1 except that after 
recrystallizing the silicon layer by the second heat treat- 
ment in Embodiment 1 , the resulting substrate was heat 
treated in a hydrogen gas atmosphere at a pressure 80 
Torr at 1100**C for 30 minutes. 

[0144] When the resulting substrate was measured 
for crystalline defect density and rocking curve full width 
at half maximum in the same method as Embodiment 
1, the crystalline defect density was 2.1 x lO^/cmS, the 
(004) plane full width at half maximum 0.1 65 degree and 
the (040) plane full width at half maximum 0.121 degree. 
The (040) full width at half maximum was constant in the 
depth direction, and the crystallinity was uniform in the 
depth direction of the silicon layer. Further, the surface 
roughness (Rrms) of the silicon layer was 0.7 nm. 
[0145] When, using this substrate, a n-type MOSFET 
was produced as in Embodiment 1 , and measured for 
transistor characteristics, the threshold voltage was 0.7 
V, variation of drain current due to kinks was not noted. 



and the drain breakdown voltage was 7.8 V. Further, 
when flicker noise and interface level density were 
measured as in Embodiment 1 , the results were Svg 8.8 
10-^3v2/H2 and Nss 6.0 x lO'^/cm^, respectively. 
5 [0146] Still further, when a photodiode was produced 
as in Embodiment 1 . and measured for dark current and 
photocurrenl in the same conditions, the results were 
9.6 X 10-^3 A and 6.0 x ^0•^o fi^ respectively. 

10 (Embodiment 6) 

[01 47] A SOI substrate was produced using the same 
procedure as in embodiment 1 except that, as the sub- 
strate, instead of the R-plane sapphire, a substrate in 
'5 which Y-AI2O3 was stacked at a substrate temperature 
of 880*C using the UHV-CVD method with trimethylalu- 
minum and oxygen as source materials on a silicon 
(100) substrate. 

[0148] When the resulting substrate was measur^ed 

^0 for crystalline defect density and rocking curve full width 
at half maximum in the same method as Embodiment 
1. the crystal defect density was 6.7 x lO^/cm^, the 
(004) plane full width at half maximum 0.202 degree and 
the (040) plane full width at half maximum 0.143 degree. 

25 The (040) full width at half maximum was constant in the 
depth direction, and the crystallinity was uniform in the 
depth direction of the silicon layer. Further, the surface 
roughness (Rrms) of the silicon layer was 1 .5 nm. 
[0149] When, using this substrate, a n-type MOSFET 

30 was produced as in Embodiment 1 , and measured for 
transistor characteristics, the threshold voltage was 0.7 
V, variation of drain current due to kink was not noted, 
and the drain breakdown voltage was 7.3 V. Further, 
when flicker noise and interface level density were 

35 measured as in Embodiment 1 . the results were Svg 1 .8 
X 10-i2\/2/H2 and Nss 1.5 x lO^Vcm^. respectively. 
[01 50] Still further, when a photodiode was produced 
as in Embodiment 1 , and measured for dark current and 
photocurrent in the same condition, the results were 3.9 

40 X 10-^2 A and 3.8 x lO'^^ A. respectively. 

(Comparative Example 3) 

[01 51] A SOI substrate was produced using the same 
45 procedure as in Comparative Example 1 except that, as 
the substrate, instead of the R-plane sapphire, a sub- 
strate in which 7 -AI2O3 was stacked at a substrate tem- 
perature of 880**C using the UHV-CVD method with tri- 
methylaluminum and oxygen as raw materials on a sil- 
^0 icon (100) substrate was used. 

[0152] When the resulting substrate was measured 
for crystal defect density and rocking curve half width in 
the same method as Embodiment 1 , the crystal defect 
density was 4.8 > io8/cm2, the (004) plane half width 
55 0.276 degree and the (040) plane half width 0.282 de- 
gree. The (040) half width increased as approaching the 
intedace of silicon layer with sapphire. Further, the sur- 
face roughness (Rrms) of the silicon layer was 2.8 nm. 
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[0153] When, using this substrate, a n-type MOSFET 
was produced as in Embodtnfient 1 , and measured for 
transistor characteristics, the threshold voltage was 0.7 
V. variation of drain current due to kink was not noted, 
and the drain breakdown voltage was 7.1 V. Further, 5 
when flicker noise and interface level density were 
nr^easured as in Embodiment 1 . the results were Svg 6.6 
X 10-^^V2/H2 and Nss 8.9 x lO^Vcm^, respectively. 
[0154] Still further, when a photodiode was produced 
as in Embodiment 1 . and measured for dark current and io 
photocurrenl in the same condition, the dark current was 
1.8 X 10*^^ A and the photocunrent was 1.8 x iQ-^i A. 

INDUSTRIAL APPLICABILITY 

15 

[0155] According to the present invention, on a single 
crystalline oxide substrate such as sapphire, or a crys- 
talline oxide layer stacked on a silicon substrate is a 
crystalline oxide layer such as a-Al203, Y-AI2O3, 6 
-AI2O3. MgO.Al203. CeOg. SrTiOg, {Zr^.^.Y^jOy. Pb(Zr. 
Ti)03, LiTaOg, orLiNb03. or the crystalline fluoride layer 
such as CaF2, a silicon layer can be formed which is 
very small in crystalline defect density and good in sur- 
face flatness. Therefore, on the semiconductor accord- 
ing to the present invention, semiconductor devices ^5 
such as electronic devices or optical devices having 
high device performance or reliability can be obtained 
with improved flicker noise and operation speed, a re- 
duction of leakage current, and improved gate oxide film 
breakdown voltage. These problems with the prior art 30 
SOS substrates, can be overcome using the inventive 
SOI substrates. 



Claims 35 

1. A semiconductor substrate comprising an insulat- 
ing underlay and a crystalline silicon layer epitaxi- 
ally grown thereon, said insulating underlay is a 
semiconductor substrate comprising a single crys- 
tal oxide substrate or a substrate comprising a sili- 
con substrate and a crystalline oxide layer or fluo- 
ride layer stacked thereon, wherein a defect density 
evaluated by a defect density measuring method of 
measuring a number of pits per unit area formed by ^5 
immersing in an iodine type etching solution is 7 x 
10^/cm2 or less over an entire depth direction, and 
surface roughness of said crystalline silicon layer is 

0. 2 nm or less and 0.05 nm or more. 

50 

2. The semiconductor substrate as claimed in Claim 

1, wherein said crystalline silicon layer has a X-ray 
diffraction rocking curve full width at half maximum 
of a silicon (004) peak parallel to substrate surface 

is 0.24 degree to 0.03 degree, and X-ray diffraction 55 
rocking curve full width at half maximum of a silicon 
(040) peak perpendicular to substrate surface is 
0.18 degree lo 0.03 degree. 



3. The semiconductor substrate as claimed in Claim 
1 . wherein said crystalline silicon layer has a X-ray 
diffraction rocking curve full width at hall maximum 
of a silicon (040) peak perpendicular to substrate 
surface is smaller than X-ray diffraction rocking 
cun/e full width at half maximum of a silicon (004) 
peak parallel to substrate surface. 

4. The semiconductor substrate as claimed in Claim 
1 , wherein said crystalline silicon layer has a X-ray 
diffraction rocking curve full width at half maximum 
of a silicon (040) peak perpendk:ular to substrate 
surface is almost constant over the entire depth di- 
rection and 0.18 degree to 0.03 degree. 

5. The semiconductor substrate as claimed In Claim 
1 , wherein, after part of said crystalline sllrcon layer 
is thermally oxidized to fomn a silicon oxide layer on 
said crystalline silicon layer, an interface level den- 
sity measured by a charge pumping method is 3 x 
lO^Vcm^to 1 X 10»/cm2 

6. The semiconductor substrate as claimed in Claim 
1 , wherein thickness of said crystalline silicon layer 
is 0.03 ^m to 0.7 [im. 

7. The semiconductor substrate as claimed in Claim 
1 , wherein said insulating underlay is said single 
crystal oxide substrate, and said single crystal oxide 
substrate is a sapphire substrate. 

8. The semiconductor substrate as claimed in above 
Claim 1, wherein said insulating underlay is said 
laminated substrate, said crystalline oxide layer 
stacked on silk:on substrate as said substrate com- 
prises one of a-Al203, y -AI2O3, 6 -AI2O3, 
MgO AIgOs, Ce02, SrTiOs, (Zr^.^.Y^Oy. Pb{Zr, Ti) 
O3, LiTa03. and LiNb03, and said fluoride layer 
comprises CaF2. 

9. A method of producing a semiconductor substrate 
with a low defect density silicon layer formed on an 
insulating underlay, said method comprising: 

(a) a step of fonning a first silicon layer on said 
insulating underlay; 

(b) a step of performing a first ion implantation 
to said first silicon layer to make a deep part of 
an interface amorphous, and recrystallizing 
said amorphous layer by a first heat treatment; 

(c) a step of epitaxially growing a silicon layer 
on said first silicon layer to form a second sili- 
con layer; and 

(d) a step of performing a second ion implanta- 
tion to said second silicon layer to make a deep 
part of an interface amorphous, and recrystal- 
lizing said amorphous layer by a second heat 
treatment. 



NSOOCtO: <eP l120ai8AlJ_> 



16 



31 



EP 1 120 818 A1 



32 



10. A method of producing a semiconductor substrate 
with a low defect density silicon layer formed on an 
insulating underlay, said method comprising: 

(a) a step of forming a first silicon layer on said 
insulating underlay; 

(b) a step of pertonning a first ion implantation 
to said first silicon layer to make a deep part of 
an interface amorphous, and recrystallizing 
said amorphous layer by a first heat treatment; 

(c) a step of heat treating said recrystallized first 
silicon layer in an oxidizing atmosphere to oxi- 
dize part of surface side; 

(d) a step of removing silicon oxide film formed 
in said step (c) by etching; 

(e) a step of epitaxially growing a silicon layer 
on remaining first silicon layer to form a second 
silicon layer; and 

(f) a step of performing a second ion implanta- 
tion to said second silicon layer to make a deep 
part of an interface amorphous, and recf7stal- 
lizing said amorphous layer by a second heat 
treatment. 

11. The method of producing a semiconductor sub- 
straio as claimed in Claim 10, wherein when said 
remaining first silicon layer is formed to a predeter- 
mined thickness, said steps (c) to (d) are repeated 
two times or more. 



12. The method of producing a semiconductor sub- 
strate as claimed in Claim 10 or 11 . wherein the sil- 
icon layer formed in said step (f ) is regarded as said 
recrystallized first silicon layer formed in said step 
(b), and said steps (c) to (f) are repeated two times 
or more. 

13. A method of producing a semiconductor substrate 
with a low defect density silicon layer formed on an 
insulating underlay, said method comprising: 

(a) a step of forming a first silicon layer on said 
insulating underlay; 

(b) a step of heat treating said first silicon layer 
in an oxidizing atmosphere to oxidize part of 
surface side; 

(c) a step of removing silicon oxide film formed 
in said step (b) by etching; 

(d) a step of epitaxially growing a silicon layer 
on remaining first silicon layer to form a second 
silicon layer; and 

(c) a step of ion implanting to said second sili- 
con layer to make a deep part of an interface 
amorphous, and recrystallizing said amor- 
phous layer by heal treatment. 

14. The method of producing a semiconductor sub- 
strate as claimed in Claim 13. wherein when said 
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remaining first silicon layer is formed to a predeter- 
mined thickness, said steps (b) to (c) are repeated 
two times or more. 

15. The method of producing a semiconductor sub- 
strate as claimed in Claim 13. wherein said silicon 
layer formed in said step (e) is regarded as said first 
silicon layer fomied in said step (a), and said steps 
(b) to (e) are repeated two times or more. 

16. The method of producing a semiconductor sub- 
strate as claimed in any one of Claims 10 to 15. 
wherein said oxidizing atmosphere contains a 
mixed gas of oxygen and hydrogen or water vapor. 

17. The method of producing a semiconductor sub- 
strate as claimed in any one of Claims 10 to 16, 
wherein tennperature of heal treatment in said oxi- 
dizing atmosphere is eoo^C to 1300'C. 

18. The method of producing a semiconductor sub- 
strate as claimed in any one of Claims 10 to 16. 
wherein heat treatment in said oxidizing atmos- 
phere comprises a two-stage heat treatment at dif- 
ferent temperatures, wherein initially a high temper- 
ature heat treatment is perfonmed at a high temper- 
ature and a low temperature heat treatment is per- 
formed at a lower temperature subsequent to said 
high temperature heat treatment. 

19. The method of producing a semiconductor sub- 
strate as claimed in Claim 18. wherein the temper- 
ature of the high temperature heat treatment in said 
oxidizing atmosphere is 800^C to 1200*C and the 
temperature of the low temperature heat treatment 
in said oxidizing atmosphere is 700*C to 1100**C. 

20. The method of producing a semiconductor sub- 
strate as claimed in any one of Claims 9 to 15, 
wherein a temperature at which a silicon layer is epi- 
taxially grown on said first silicon layer to form a sec- 
ond silicon layer is 550'C to 1050*C. 

21. The method of producing a semiconductor sub- 
strate as claimed in any one of Claims 9 to 15, 
wherein before said step of epitaxially growing a sil- 
icon layer on said first silicon layer to form a second 
silicon layer, said first silicon layer is heat treated in 
a hydrogen atmosphere or in a vacuum. 



22. The method of producing a semiconductor sub- 
strate as claimed in any one of Claims 9 to 15. 
wherein a growing chamber of an apparatus used 
when a silicon layer is epitaxially grown on said first 

55 silicon layer to form a second silicon layer has a 

base pressure of 10'^ Torr or less. 

23. The method of producing a semiconductor sub- 
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strate as claimed in any one of Claims 9 to 15, 32. The method of producing a semiconductor sub- 
wherein method of epitaxially growing a silicon layer slrate as claimed in Claim 31 , wherein said insulat- 
on said first silicon layer to form a second silicon ing underlay is a sapphire substrate, 
layer is a UHV-CVD method or a MBE method. 

5 33. The method of producing a semiconductor sub- 

24. The method of producing a semiconductor sub- strate as claimed in any one of Claims 9 to 30, 
slrate as claimed in any one of Claims 9 to 15, whereinsaidinsulalingunderlay is a laminated sub- 
wherein when epitaxially growing a silicon layer on strate comprising crystalline oxide layer or fluoride 
said first silicon layer to form a second silicon layer, layer stacked on a silicon substrate as a substrate, 
a growing temperature Is set high only in an Initial w 

stage of growth. 34. The method of producing a semiconductor sub- 
strate as claimed in Claim 33, wherein said crystal- 

25. The method of producing a semiconductor sub- line oxide layer comprises one of a-Al203, Y-At203, 
strate as claimed in Claim 24, wherein method of B •AI2O3, MgO-Al203, CeOg. SrTiOa. (Zr^'^. YJO [ 
epitaxially growing a silicon layer on said first silicon is Pb(Zr, Ti)03, LiTaOa, and LiNbOa, and said crystal- 
layer to form a second silicon layer is an ARCVD line fluoride layer comprises CaFg. 

method or a LPCVD method. 

35. A semiconductor substrate produced by the method 

26. The method of producing a semiconductor sub- as claimed In any one of Claims 9 to 34. 
strate as claimed in any one of Claims 9 to 15. 20 

wherein after said step of ion implanting to said sec- 36. The semiconductor substrate as claimed in any one 

ond silicon layer to make a deep part of an Interface of Claims 1 to 8, characterized in that it is produced 

amorphous, and recrystallizing said amorphous by the method as claimed In any one of Claims 9 to 

layer by heat treatment, or after said step of epitax 34. 

iaily growing a silicon layer to form a second silicon 25 

layer, further comprising a step of heat treatment in 37. A semiconductor device having a semiconductor 

hydrogen. substrate, wherein said semiconductor substrate is 

a semiconductor substrate as claimed in any one of 

27. The method of producing a semiconductor sub- Claims 1 to 8 is used, whereby improving device 
strate as claimed in Claim 26, wherein temperature 30 characteristics. 

of said heat treatment In hydrogen is 800**C to 

1200**C. 38. The semiconductor device as claimed in Claim 37, 

wherein said semiconductor device is MOSFET, 

28. The method of producing a semiconductor sub- and said device characteristic improved by using 
strate as claimed in any one of Claims 9 to 15, 35 the semiconductor substrate as claimed in any one 
wherein after said step of ion Implanting to said sec- of Claims 1 to 8 as semiconductor substrate thereof 
ond silicon layerto make a deep part of an interface is at least one of trans-conductance, cut-off fre- 
amorphous, and recrystallizing said amorphous quency, flicker noise, electrostatic discharge, drain 
layer by heat treatment, a surface of the silicon layer breakdown voltage, dielectric breakdown charge 
is flattened. 40 amount, and leakage current characteristics. 



29. The method of producing a semiconductor sub- 
strate as claimed in Claim 28, wherein said method 
of flattening surface of said silicon layer Is a chem- 
ical and/or mechanical polishing. 45 

30. The method of producing a semiconductor sub- 
strate as claimed in any one of Claims 9 to 29, 
wherein said step of forming a first silicon layer on 
said insulating underlay is a step of epitaxially grow- so 
Ing said first silicon layer on said insulating under- 
lay. 

31. The method of producing a semiconductor sub- 
strate as claimed in any one of Claims 9 to 30, 55 
wherein said insulating underlay is a single crystal 
oxide substrate. 



39. The semconductor device as claimed in Claim 38, 
wherein said MOSFET uses the semiconductor 
substrate as claimed in any one of Cfaims 1 to 8 as 
the semiconductor substrate thereof. Is a MOSFET 
formed on a semiconductor substrate with a thick- 
ness of crystalline silicon layer of 0.03 \im to 0.7 ^m, 
and no kink appears in a current - voltage measure- 
ment, a drain breakdown voltage as measured us- 
ing a gate length of 0.8 ^m is 7V or more, and an 
input gate voltage spectral density representing 
flicker noise is 3 x 10-12 v2/hz or less at a meas- 
uring frequency of 100 Hz. 

40. The semiconductor device as claimed in Claim 37. 
wherein said semiconductor device is a bipolar tran- 
sistor, and device characteristic improved by using 
the semiconductor substrate as claimed in any one 
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of Claims 1 to 8 the semiconductor substrate 
thereof is at least one of Ira ns -conductance, cut-off 
frequency, collector current, leakage current, and 
current gain. 

41. The semiconductor device as claimed in Claim 37, 
wherein said semiconductor device is a diode, and 
device characteristic improved by using the semi- 
conductor substrate as claimed in any one of 
Claims 1 to 8 as semiconductor substrate thereof is 
at least one of reverse bias leakage current, forward 
bias current, and diode factor. 

42. The semiconductor device as claimed in Claim 41 , 
wherein said diode is a pin photodiode fonned on 
the semiconductor substrate as claimed in any one 
of Claims 1 to 8 as the semk:onductor substrate 
thereof having a thickness of crystalline silicon layer 
of 0.03 to 0.7 [im, having a pin area width of each 
1 ^um, and a dark current measured under a condi- 
tion applied with a 2V reverse bias is 1 Q-^^ A or less, 
anda photocurrent under light irradiation of 1 W/cm^ 
intensity at wavelength 850 nm is lO-^o a or more, 

43. The semiconductor device as claimed in Claim 37. 
wherein said semiconductor device is a semicon- 
ductor device integrated circuit, and device charac- 
teristic improved by using the semiconductor sub- 
strate as claimed in any one of Claims 1 to 8 as sem- 
iconductor substrate thereof is at least one of fre- 
quency characteristrc, noise characteristic, amplifi- 
cation characteristic, and power consumption char- 
acteristic. 

44. A semiconductor device having a semiconductor 
substrate, wherein the semiconductor substrate is 
produced by the method as claimed in any one of 
Claims 9 to 34 is used, whereby improving device 
characteristics. 

45. The semiconductor device as claimed in Claim 44, 
wherein said semiconductor device is a IWIOSFET, 
and said device characteristic is at least one of 
trans-conductance, cut-off frequency, flicker noise, 
electrostatic discharge, drain breakdown voltage, 
dielectrk: breakdown charge amount, and leakage 
current characteristics. 

46. The semiconductor device as claimed in Claim 45, 
wherein said I^OSFET is formed on the semicon- 
ductor substrate with a thickness of crystalline sili- 
con layer of 0.03 jxm to 0. 7 |im , and no kink appears 
in a current - voltage measurement, a drain break- 
down voltage as a measured using a gate length of 
0.8 |im is 7V or more, and an input gate voltage 
spectral density representing flicker noise is 3 >: 
10* 12 \/2/H7 or less at a measuring frequency of 1 00 
Hz. 



47. The semiconductor device as claimed in Claim 44. 
wherein said semiconductor device is a bipolar tran- 
sistor and said devk;e characteristk: is at least one 
of trans-conductance, cut-off frequency, collector 

5 cunrent, leakage current, and current gain. 

48. The semiconductor device as claimed in Claim 44, 
wherein said semk:onductor device is a diode, and 
said device characteristic is at least one of reverse 

10 bias leakage current, fonvard bias current, and di- 
ode factor. 

49. The semiconductor device as claimed in Claim 48. 
wherein said diode is a pin photodiode formed on 

'5 the semiconductor substrate as claimed in any one 
of Claims 1 to 8, wherein said semiconductor sub- 
strate has a thickness of crystalline silicon layer of 
0.03 ^m to 0.7 ^m, and a pin area width of each 
1|im, and a dark current measured with a 2V re- 
20 verse bias is 1 0'^M or less, and photocurrent under 
light irradiation of IW/cm^ intensity at wavelength 
850 nm is 1 0"^® A or more. 

50. The semiconductor device as claimed in Claim 44, 
25 wherein said semiconductor device is a semicon- 
ductor integrated drcuit, and said device character- 
istic is at least one of frequency characteristic, noise 
characteristic, amplification characteristic, and 
power consumption characteristic. 

30 

51. A method of producing a semiconductor device 
comprising an insulating underlay and a silicon lay- 
er formed thereon, said method comprising: 



^5 (a) a step of forming a first silicon layer on said 

insulating underlay; 

(b) a step of performing a first ion implantation 
to said first silicon layer to make a deep part of 
an interface amorphous, and recrystalfizing 

^0 said amorphous layer by a first heat treatment; 

(c) a step of epitaxially growing a silicon layer 
on said first silicon layer to form a second sili- 
con layer; 

(d) a step of performing a second ion implanta- 
tion to said second silicon layer to make a deep 
part of an interface amorphous, and recrystal- 
lizing said amorphous layer by a second heat 
treatment; and 

(e) after heat treating said silicon layer formed 
^o in said step (d) in an oxidizing atmosphere to 

oxidize part of surface side, a step of removing 
said formed silicon oxide film by etching to ad- 
just said silicon layer to a desired thickness. 

55 52. A method of producing a semiconductor device 
comprising an insulating underlay and a silicon lay- 
er formed thereon, said method comprising: 
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(a) a step of forming a first silicon layer on said 
insulating underlay; 

(b) a step of performing a first ion implantation 
to said first silicon layer to make a deep part of 

an interface amorphous, and recrystalli^ing 5 
said amorphous layer by a first heat treatment; 

(c) a step of heat treating said recrystallized first 
silicon layer in an oxidizing atmosphere to oxi- 
dize part of surface side; 

(d) a step of removing said silicon oxide film io 
fomed in said step (c) by etching; 

(e) a step of epitaxially growing a silicon layer 
on remaining first silicon layer to form a second 
silicon layer; 

(f) a step of pertonning a second ion implanta- '5 
lion to said second silicon layer to make a deep 
part of an interface amorphous, and recrystal- 
Izing said amorphous layer by a second heat 
treatment; 

(g) after heat treating said silicon layer formed 
in said step (f) in an oxidizing atmosphere to 
oxidize part of surface side, a step of removing 
said formed silicon oxide film by etching to ad- 
just said silicon layer to a desired thickness. 

25 

53. The method of producing a semiconductor device 
as claimed in Claim 52, wherein when forming said 
remaining first silicon layer to a predetermined 
thickness, said steps (c) to (d) are repeated two 

limes or more. 30 

54. The method of producing a semiconductor device 
as claimed in any one of Claims 52 to 53, wherein 
said silicon layer formed in said step (f) is regarded 

as said recrystallized first silicon layer formed in 35 
said step (b), and said steps (c) to (f) are repeated 
two times or more. 



oxidize part of surface side, a step of removing 
said formed silicon oxide film by etching to ad- 
just said silicon layer to a desired thickness. 

56. The method of producing a semk:onductor device 
as claimed in Claim 55, wherein when forming said 
remaining first silicon layer to a predetermined 
thickness, said steps (b) to (c) are repeated two 
times or more. 

57. The method of producing a semiconductor device 
as claimed in any one of Claims 55 to 56, wherein 
said silicon layer formed in said step (e) is regarded 
as said first silicon layer fonmed in said step (a), and 
said steps (b) to (e) are repealed two times or more. 

58. The method of producing a semk:onductor device 
as claimed in any one of Claims 51 to 57, wherein 
after said step of ion implanting to said second sili- 
con layer to make a deep part of an interface amor> 
phous and recrystallizing said amorphous layer by 
heat treatment, or after said step of epitaxially grow- 
ing said silicon layer to fonri a second silicon layer, 
further comprising a step of heat treatment in hy- 
drogen. 

59. The method of producing a semiconductor device 
as claimed in any one of Claims 51 to 57, wherein 
after said step of ion implanting to said second sili- 
con layer to make a deep part of an interface amor- 
phous and recrystallizing said amorphous layer by 
heat treatment, a surface of said silicon layer is flat- 
tened by chemical and/or mechanical polishing. 



55. A method of producing a semiconductor device 
comprising an insulating underlay and a silicon lay- 40 
er formed thereon, said method comprising: 

(a) a step of fonming a first silicon layer on said 
insulating underlay; 

(b) a step of heat treating said first silicon layer 45 
in an oxidizing atmosphere to oxidize part of 

surface side; 

(c) a step of removing said silicon oxide film 
formed in said step (b) by etching; 

(d) a step of epitaxially growing a silicon layer so 
on said remaining first silicon layer to form a 

second silicon layer; 

(e) a step of ion implanting to said second sili- 
con layer to make a deep part of an interface 
amorphous, and recrystallizing said amor- 55 
phous layer by heat treatment: and 

(f) after heal treating said silicon layer formed 
in said step (e) in an oxidizing atmosphere to 
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